Introduction: Currently, no systematic review/meta-analysis has examined studies that used online social networks (OSN) as a primary intervention platform. Therefore, the purpose of this review was to evaluate the effectiveness of weight management interventions delivered through OSN. Methods: PubMed, EMBASE, PsycINFO, Web of Science, and Scopus were searched (January 1990 -November 2015 for studies with data on the effect of OSNs on weight loss. Only primary source articles that utilized OSN as the main platform for delivery of weight management/healthy lifestyle interventions, were published in English language peer-reviewed journals, and reported outcome data on weight were eligible for inclusion in this systematic review. Five articles were included in this review. Results: One-hundred percent of the studies (n ¼ 5) reported a reduction in baseline weight. Three of the five studies (60%) reported significant decreases in body weight when OSN was paired with health educator support. Only one study reported a clinical significant weight loss of 55%. Conclusion: Using OSN for weight management is in its early stages of development and, while these few studies show promise, more research is needed to acquire information about optimizing these interventions to increase their efficacy.
Introduction
Approximately 69% of US adults are classified as overweight (BMI 5 25 kg/m 2 ), while 35 .1% are obese (BMI 5 30 kg/m 2 ). 1 Being overweight/obese is associated with significant co-morbidity, and it is estimated that for every one-point increase in BMI, healthcare costs increase by 8%. 2 The current recommended paradigm for weight management emphasizes a lifestyle modification programme consisting of strategies to reduce energy intake, increase physical activity (PA), and provide cognitive behaviour therapy to identify cues to unhealthy behaviours and restructure behaviour to prompt healthy responses. 3 Changes in diet and PA facilitated by behavioural weight loss clinics are typically delivered face-to-face (FTF) by a health educator (HE) to a group of 12-15 individuals. [4] [5] [6] However, this approach can require significant time commitments from both patients and educators as well as considerable economic costs (i.e. facility usage fees, travel costs, payroll, etc.). Healthcare systems need to find methods to address obesity that reach beyond the walls of clinics and hospitals, using issues of lifestyle modification in a cost-conscious way. The need to develop alternative strategies to deliver weight management programmes has resulted in investigations examining the efficacy of programmes delivered through the mail or email, 7-9 internet, 10-12 a combination of phone, internet, and email, 13 individual phone counselling, 7,14-18 group phone counselling, 19 and text messaging. 20 While these alternate delivery programmes have demonstrated successful weight loss, the dramatic increase in technology and online social networks (OSNs) may present healthcare providers with innovative ways to deliver weight management programmes that could have an impact on healthcare at the population level.
In 2013, the Pew internet survey reported that 70% of Americans over the age of 18 have high-speed internet in their homes. 21 Furthermore, as of 2014, 74% of adults report using OSNs. 22 An OSN as defined by Boyd and Ellison 23 is a web-based services that allow individuals to: (1) construct a public or semi-public profile within a bounded system, (2) articulate a list of other users with whom they share a connection, and (3) view and traverse their list of connections and those made by others within the system. Due to this growth in technology and OSNs, individuals have started to acquire information, share experiences, ask questions, and provide support to peers about health online. [24] [25] [26] Many individuals have reported feeling more comfortable and secure with expressing their problems and concerns remotely over the internet compared to talking FTF or over the phone. 27, 28 Additionally, the more actively individuals participate within the OSN, the more successful they are losing weight. 29 For these reasons, OSNs have generated recent interest in OSN strategies as a delivery medium of health behaviour change campaigns. Within the broad category of health issues, online support groups and communities have become an increasingly common way for individuals to share information and seek emotional support for issues surrounding weight loss. 30 Recent reviews of the efficacy of programmes utilizing OSN components have found modest but significant evidence in improving health outcomes. 31, 32 However, these reviews address studies that do not isolate the effect of OSNs; rather, they feature bulletin boards and chat rooms that were embedded within a larger intervention. 33 Furthermore, data regarding the frequency of use of the social media components were rarely reported. 33 To date, no systematic review/ meta-analysis has examined studies that used OSNs as a primary intervention platform. Therefore, the objective of this systematic review is to identify and evaluate studies that have utilized OSNs to assess the impact on body weight, body composition, and chronic disease risk factors.
Methods
This systematic review was performed and reported in accordance with the preferred reporting items for systematic reviews and meta-analysis (PRISMA) guidelines. 34, 35 
Eligibility criteria
Only primary source articles that utilized OSN as the main platform for delivery of weight management/healthy lifestyle interventions and were published in English language peer-reviewed journals were eligible for inclusion in this systematic review. With the intention of isolating the effects of OSNs as a delivery system for weight management interventions, at least one intervention group must have received all health education, materials, and recourses through an OSN. For example, if intervention groups were delivered by FTF, phone, email, etc. with OSN supplemented as a tool then they were excluded from this review. Specific eligibility included: Participants: Adults (age 18 years and above). Studies of participants with elevated chronic disease risk factors and/or type 2 diabetes were included. Types of studies: Both non-randomized and randomized studies. Outcomes: Body weight was required for inclusion. Other outcomes included body composition (fat mass, fat-free mass, waist circumference) and chronic disease risk factors including total, HDL (high-density lipoproteins) and LDL (low-density lipoproteins) cholesterol, triglycerides, insulin, glucose, HbA 1C , and blood pressure.
Information sources
Studies were identified by searching electronic databases and related article reference lists. The search was applied to PubMed (1990-present) and adapted for EMBASE, PsycINFO, Web of Science, and Scopus (1990-present). The last search was conducted on November 11th, 2015. The search was developed with consultation with a Kansas University reference librarian and conducted by the first author (EW). No attempts were made to contact study investigators or sponsors to acquire any information missing from the published article.
Study selection
Retrieved abstracts were independently assessed for inclusion in the review by two authors and coded as 'yes', 'no', or 'maybe'. All investigators who participated in eligibility assessments were trained regarding study inclusion/exclusion criteria. Disagreements regarding eligibility for inclusion were resolved via development of consensus among all co-authors. Eligibility assessments on the practice abstracts were reviewed by the first author (EW). Full-text articles for abstracts coded as 'yes' or 'maybe' were retrieved and reviewed independently by two co-authors prior to inclusion in the review. An Excel spreadsheet was developed and used to track eligibility status.
Data collection
Extracted data was entered into the University of Kansas secure REDCap (Research Electronic Data Capture, Version 4.14.5) database. 36 A REDCap data extraction form was developed and has been used in previous reviews completed by our group. [37] [38] [39] Relevant data were extracted from each manuscript by the author. Data extracted from each article included basic study information including sample size, groups compared, OSN platform, compliance with interventions, participant characteristics (age, sex, BMI, minority, and health status), and results.
Risk of bias in individual studies
Risk of bias for studies was independently evaluated using the Cochrane risk of bias tool. 40 Risk of bias was assessed in the following domains: selection bias, performance bias, detection bias, attrition bias, reporting bias, and other bias. Studies were not excluded on the basis of risk of bias. Additionally, in the present review we have attempted to summarize the strength of the available scientific evidence underlying the relationship of social media based interventions and health-related outcomes using the following evidence scoring categories: 41 1. Evidence level high: We are very confident that the estimate of effect lies close to the true effect for this outcome. The body of evidence has few or no deficiencies. We believe that the findings are stable, i.e. another study would not change the conclusions. 2. Evidence level moderate: We are moderately confident that the estimate of effect lies close to the true effect for this outcome. The body of evidence has some deficiencies. We believe that the findings are likely to be stable, but some doubt remains.
Evidence level low:
We have limited confidence that the estimate of effect lies close to the true effect for this outcome. The body of evidence has major or numerous deficiencies (or both). We believe that additional evidence is needed before concluding either that the findings are stable or that the estimate of effect is close to the true effect. 4. Evidence level insufficient: We have no evidence, we are unable to estimate an effect, or we have no confidence in the estimate of effect for this outcome. No evidence is available or the body of evidence has unacceptable deficiencies, precluding reaching a conclusion.
Results

Synthesis of results
There was considerable heterogeneity across studies for several important parameters, including: (a) participant characteristics (age, sex, BMI, health status); (b) version of social network platform; and (c) duration of the weight loss period. Given this heterogeneity, a meta-analysis was considered inappropriate. Results based on the extracted data were instead synthesized and presented grouped by interventions (e.g. PA, diet, diet þ PA).
Search results
The initial database search identified 231 unique records, 210 of which were excluded based on a review of the title and abstract. Full-text articles for the remaining 21 citations were reviewed. Sixteen articles did not satisfy the inclusion criteria and were excluded; thus, five articles were included in the review (Figure 1 ). Of the included studies, one study focused only on PA, 42 four studies on both diet and PA [43] [44] [45] [46] and only one of the five studies in this review reported on weight maintenance after weight loss. 45 None of the studies focused only on diet. Collectively, they involved 707 participants, 521 of whom received an intervention utilizing OSNs. Study and baseline participant characteristics are presented in Table 1 .
PA interventions PA study characteristics
Sample size/completion rate. The sample size for the study using a PA intervention delivered using an OSN was 86. The proportion of randomized participants who completed the intervention and provided data for comparison was 77%.
Study length. The length of the study was 12 weeks.
Intervention components. Valle et al. 42 randomized participants into an OSN: self-help group or an OSN group facilitated by a HE (OSN þ support) with the primary aim to increase PA. An established publicly available OSN platform (Facebook) was used. Both groups received weekly messages through the OSN that featured resources on PA, overcoming exercise barriers, goal setting, and social support. All participants also received a pedometer to self-monitor steps. The OSN þ support group received additional behavioural therapy materials as well as access to a separate online PA tracking site. HEs facilitated interaction with the OSN þ support group by posting discussion questions, links to videos, and weekly reminders.
Outcomes assessed. In addition to weight, the study assessed changes in BMI, light PA, and moderate to vigorous PA.
PA intervention results
PA. Valle et al. 42 reported a significant increase in moderate to vigorous PA (OSN: self-help ¼ 46.3 min/wk; OSN þ support ¼ 67.0 min/wk); however, the between group difference was not statistically significant. Valle et al. 42 reported a significant increase in light intensity PA in the OSN þ support group only. Total PA significantly increased in both OSN groups; however, there were significant between group differences. The difference for change between groups was not significant.
Body weight. The mean weight loss was 0.1% for the OSN: self-help group and 2.6% in the OSN þ support group. The weight change in the OSN þ support group was statistically significant from baseline to 12 weeks compared to no significant change over time in the OSN: self-help group. Weight change between groups were not significant.
BMI. The mean BMI modestly yet significantly decreased for the OSN þ support group (-0.6 kg/m 2 ), while the OSN: self-help group remained relativity unchanged ( þ 0.01 kg/m 2 ).
Chronic disease risk factors. Valle et al. 42 did not present data on any chronic disease risk factors.
Diet and PA interventions
Eighty percent of the studies selected for this review (n ¼ 4) included both diet and PA components. [43] [44] [45] [46] Two studies compared weight loss between participants randomly assigned to an OSN intervention group/groups vs. a control group. 43, 44 One study was not randomized, but provided data for both a weight loss and a self-guided weight maintenance intervention. 45 With the exception of the trial by Sepah et al., 45 who reported both efficacy and intent-to-treat results, all other randomized trials employed an efficacy approach.
Diet and PA study characteristics
Sample size/completion rate. The range for sample size across the studies was 12-349. The range of participants who completed the intervention and provided data for weight loss was 68-100%.
Study length. The range in intervention length of the studies was 8-24 weeks, with one study conducting a follow-up after an eight-month maintenance intervention.
Intervention components
Platforms. Three of the four studies used an established publicly available OSN platform (Facebook). 42 Two other studies created a study-specific OSN accessible only by study participants. 43, 45 These OSNs allowed participants to connect ('friend') others in the network, send individual messages, make public group postings, view other group members' postings, and 'like' peers' comments to express social support and empathy.
Diet. All studies employed an energy restricted meal plan diet during the active intervention. [43] [44] [45] [46] Only one study reported specific calorie goals given to participants. 44 PA. All studies provided exercise recommendations and encouraged participants to increase PA. [43] [44] [45] [46] Two studies reported a specific exercise goal of gradually increasing moderate-vigorous PA to 150 minutes per week 46 and 250 minutes per week. 44 Self-monitoring. One study provided both accelerometers and a wireless scale that had the capability to upload directly to the OSN for feedback. 43 Sepah et al. 45 supplied wireless scales that had capabilities to upload directly to the OSN and reported self-monitoring of PA and diet but did not specify the methods used to monitor these components. 45 Napolitano et al. 44 randomized participants into two OSN groups. The first group had minimal contact with HE but received weekly podcasts, handouts, access to polls, and healthy activity events through the OSN. The second group received the same OSN content; however, they were given additional intervention targets (e.g. goal setting, self-monitoring, etc.), a digital scale, and a pedometer to track steps, as well as receiving personalized feedback from HEs through text messaging. Pagoto et al. 46 required participants to have personal scales to qualify for the study. Self-reported weights were emailed to HEs and energy intake was reported through a mobile app (MyFitnessPal).
Comparison groups. Two of the three studies had randomized control groups. 43, 44 One study provided print materials to the control participants regarding sample meal plans, recommendations on serving sizes and PA, and information regarding the benefits of PA and healthy eating, 43 while the other study had a no contact waitlist control. 44 All other studies implemented a single group design. 45, 46 Outcomes assessed. In addition to body weight, two of the four trials assessed PA levels via questionnaire, 43, 44 one study assessed HBA 1C , 45 and one study assessed triglycerides, LDL, and HDL. 43 One study with assessments after a long term maintenance period assessed HbA 1C . 45 Diet and PA intervention results. Results for all studies, both diet and PA components, are presented in Table 2 .
Body weight. The range of weight loss for the four studies that provided both diet and PA components was À0.63 kg to À5.0 kg for the OSN intervention groups. Napolitano et al. 44 reported significantly greater weight loss when OSN was supplemented with additional HE feedback (À2.4 AE 2.5 kg) compared to a self-guided OSN group (À0.63 AE 2.4 kg) or a no treatment control (À0.24 AE 2.6 kg). Percent weight change was not reported and could not be calculated since baseline weight was not available. Greene et al. 43 observed greater weight loss in the OSN intervention group (À2.4 kg; 2.8%) compared to a no contact control group (0.73 kg; 1.0%); however, these differences were not significant. Sepah et al. 45 evaluated weight change following 16 weeks of active weight loss and a 12 month self-guided weight maintenance period. An intent-to-treat analysis indicated mean weight loss of 4.1% and 4.0% at 16 weeks and 12 months, respectively. 45 Single group design: WL: À5.0/À5.0* NA NA NA NA NA þ0.03 OSN intervention WM: À4.9/À4.8* NA NA NA NA NA À0.37* Pagoto et al. 46 Single group design: À2.5/À3.0 NR NA NA NA NA NA NA OSN intervention BMI: body mass index; OSN: online social network; PA: physical activity; LDL: low-density lipoproteins; HDL: high-density lipoproteins; NR: not reported; NA: not available; WM: weight maintenance Programme engagement was strongly associated with weight loss. Weight loss among participants who completed all lessons (5.6%) was significantly greater than among participants who did not complete one or more lessons (3.2%). Pagoto et al. 46 reported a mean weight loss of 2.5 kg (3.0%). Clinically significant weight loss (i.e. 55% of baseline weight) was observed in 42% of the sample (5/12), 33% (4/12) lost <5%, and 25% (3/12) gained weight.
BMI. No trial reported end study data for BMI.
Chronic disease risk factors. Two of the four studies reported changes in chronic disease risk factors. 43, 45 Greene et al. 43 reported no significant between or within group differences for change in triglycerides, or for LDL or HDL values. Sepah et al. 45 reported no significant change in HbA 1C levels following completion of the weight loss intervention (16 weeks) . At end of the maintenance intervention (12 months), the within group change from baseline in HbA 1C was statistically significant. Napolitano et al. 44 and Pagoto et al. 46 did not report disease risk factors.
PA. Two of the four studies reported changes in PA levels. 43, 44 Napolitano et al. 44 reported no significant between or within group differences among groups PA level. Greene et al. 43 reported that the OSN intervention group significantly increased their leisure time walking (þ164%) compared to the control group (þ47%); however, there was no significant between or within group differences for time spent in all PA.
Risk of bias
The risk of bias is presented in Table 3 . Of the three studies that used randomized design, [42] [43] [44] the description of the procedures for random sequence generation was unclear in two of the studies (67%). 43, 44 One study adequately described randomization procedures and was considered low risk of bias. 42 No trials described procedures for allocation concealment. The blinding of participants and personnel is not feasible in a study comparing delivery methods. While blinding of personnel performing outcome assessments is feasible, these procedures were not employed in any of the randomized studies [42] [43] [44] and are not feasible in studies using a single group design. 45, 46 The risk of attrition bias was high in one trial where the study sample represented approximately 68% of those randomized at baseline. 43 The most important other source of potential bias was inadequate statistical power. None of the studies included in this review [42] [43] [44] [45] [46] reported adequate statistical power to detect between group differences for change in body weight.
Discussion
Summary of evidence
This paper provides a systematic review of five studies that employed non-randomized and randomized study designs to address the question: Do weight management interventions delivered by OSNs effectively improve body weight, body composition, and chronic disease risk factors? As in previous reviews, [31] [32] [33] our literature search identified multiple internetbased behavioural studies that have utilized components of OSNs such as bulletin boards, chat rooms, etc.; however, the OSN was not the primary delivery method. Instead, these components were used as add-ins or optional tools in the intervention so these studies were excluded. Based on our review, the literature on the effectiveness of weight management interventions delivered through OSNs is extremely limited. Thus, conclusions regarding the effectiveness of this weight management approach are currently not possible, and will require additional trials.
Although limited, available results suggest the potential for weight management delivered using OSNs. For example, weight loss, although modest, was statistically significant in the OSN groups independent of intervention length in all five studies included in this review. Both participant compliance in completing study modules and interaction with the HE appear to be associated with 44 and Valle et al. 42 reported that the participation of trained HEs, who provided professional advice and feedback, resulted in superior intervention effects compared to those who received a self-guided OSN intervention. Thus, OSN interventions may decrease the burden on healthcare staff conducting weight loss interventions; however, staff involvement appears to be an important component for success. In addition to weight loss, significant changes in PA were reported in the OSN arms in two of the three studies providing data on this outcome. However, PA in these studies was measured by self-report questionnaire, not objectively. Thus, the PA results should be interpreted cautiously. Our review identified two studies that compared changes in chronic disease risk factors. 43, 45 Greene et al. 43 showed no beneficial changes in triglyceride, HDL, and LDL levels between individuals in the OSN group compared to controls. These results are most likely attributed to the minimal weight loss (2.8%) in the OSN group. Sepah et al. 45 observed no significant decrease in HbA 1C levels following active weight loss (16 weeks); however, levels had significantly decreased at the end of the weight maintenance intervention (12 months). This review did not identify any studies that measured body composition or other chronic disease risk factors (e.g. blood pressure, waist circumference, insulin, glucose). It has been hypothesized that OSNs, with their ability to reach large numbers of individuals, would provide a potentially cost-effective strategy for weight management. However, to date, the cost-effectiveness and feasibility of using OSN interventions in clinical weight management has not been evaluated.
Limitations in the available literature
Several important limitations in the literature were identified, resulting in an evidence level of 'low' relative to addressing the primary question regarding OSN interventions' impact on body weight, body composition, and chronic disease risk factors. First, the literature is limited by a lack of studies that have addressed this question. This review identified only five studies that satisfied inclusion criteria. [42] [43] [44] [45] [46] Second, the studies included in this review were of short duration (<6 months) and were not statically powered to address this question of interest. Only one study had an active weight loss period of at least six months. 43 Additionally, only Sepah et al. 45 reported any type of weight maintenance/follow-up results. Third, adherence to diet and PA recommendations, changes in caloric intake, or objectively measured changes in PA were not reported in any study. Fourth, there was a variety of OSNs utilized by each study so no conclusions on the effectiveness of individual OSN platform type can be concluded from this review. Examination of these factors would provide needed insight into whether or not OSN interventions produce measurable behavioural changes. Finally, no study has assessed the cost-effectiveness of OSN interventions. As cost saving is the main appeal to using OSNs, a formal cost-analysis is important.
Limitations of this review
These conclusions should be cautiously interpreted as they are based on data from a limited number of studies. In addition, we did not contact authors to obtain missing data or for clarification of any information presented in the published reports; therefore, missing information may reflect reporting bias as opposed to any limitations in the conduct of the study.
Conclusions
The use of OSNs for weight management is in the early stages of development and evaluation. Although the results from the studies reviewed show promise for the OSN approach, more research is needed to acquire additional information regarding methods for optimizing and increasing the effectiveness of weight management delivered using OSNs. As previously discussed, the available literature on this topic is extremely limited and suffers numerous methodological shortcomings. Therefore, we recommend randomized trials to specifically evaluate the efficacy of OSN interventions on weight loss and chronic disease risk factors that include the following: (a) adequate statistical power to detect clinically significant differences; (b) assessment of measures such as caloric intake and PA using objective methods; (c) evaluation of the cost-effectiveness; and (d) evaluation of the impact of participant characteristics (age, gender, BMI, race/ethnicity).
